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Small renal masses (SRMs) are defined as radiologically enhancing renal masses of 
less than 4 cm in maximal diameter. The incidence of renal cell carcinoma (RCC) has 
increased in recent years, which is mainly due to the rise in incidental detection of lo- 
calized SRMs. However, the cancer-specific mortality rate is not increasing. This dis- 
crepancy may be dependent on the indolent nature of SRMs. About 20% of SRMs are 
benign, and smaller masses are likely to have pathologic characteristics of low Fuhrman 
grade and clear cell type. In addition, SRMs are increasingly detected in elderly patients 
who are likely to have comorbidities and are a high-risk group for active treatment like 
surgery. As the information about the nature of SRMs is improved and management 
options for SRMs are expanded, the current role of renal mass biopsy for SRMs is also 
expanding. Traditionally, renal mass biopsy has not been accepted as a standard diag- 
nostic tool in the clinical scenario because of several issues about safety and accuracy. 
However, current series on SRM biopsy have reported high diagnostic accuracy with 
rare complications. Studies of modern SRM biopsy have reported diagnostic accuracy 
greater than 90% with very high specificity. Also, current series have shown very rare 
morbid cases caused by renal mass biopsy. Currently, renal biopsy of SRMs can be rec- 
ommended in most cases except when patients have imaging or clinical characteristics 
indicative of pathology and in cases in which conservative management is not 
considered. 
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INTRODUCTION 

Unlike other urological malignancies, localized renal cell 
carcinoma (RCC) is treated by surgical extirpation only, 
without the undertaking of a preoperative renal mass biop- 
sy, because radiologic studies including ultrasonography 
(US), contrast-enhanced computed tomography (CT), and 
magnetic resonance imaging (MRI) provide relatively suf- 
ficient information about the probability of malignancy of 
a renal mass [1] . In addition, renal tumor biopsies are con- 
sidered to have certain limitations related to safety and ac- 
curacy [2] . Traditionally, renal mass biopsies have been 
used to make a pathologic diagnosis in the case of a renal 
mass with other primary malignancy, to confirm a case of 
suspected infection in a renal mass, and to find the proper 
targeting therapeutic agent in the case of metastatic RCC. 
The incidence of RCC has increased in recent years, 



which is mainly due to the rise in the detection rate of lo- 
calized, small renal masses (SRMs), a phenomenon attrib- 
utable to the expanding use of cross-sectional imaging mo- 
dalities [3] . Although surgical resection remains the first 
treatment option for SRMs suspected to be malignant, the 
treatment paradigm is gradually changing. In the era of in- 
creased detection of SRMs, the benign nature of SRMs has 
been extensively investigated. Although nephron-sparing 
surgery has remained the standard management option 
for SRMs suspected to be malignant, the spectrum of man- 
agement options for SRMs has been expanding in recent 
years, ranging from minimally invasive modalities, includ- 
ing ablative therapy, to observation. In addition, the preva- 
lence of chronic kidney disease (CKD) is increasing world- 
wide, and about 25% of patients who have SRMs are known 
to have stage 3 CKD or worse [4] . Furthermore, SRMs are 
commonly being detected in elderly patients who have vari- 
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ous medical comorbidities [5]. In these patients, a manage- 
ment option other than a surgical one may be appropriate, 
considering the risks and benefits of surgery. As the man- 
agement options for SRMs have expanded, the current role 
of renal biopsy has also expanded compared with the tradi- 
tional indications. In this article, we aim to review the cur- 
rent role, efficacy, and technique of SRM biopsy. 

NATURE AND EXPANDING MANAGEMENT 
OPTIONS OF SMALL RENAL MASSES 

The incidence of RCC, especially RCC in SRMs, has been 
increasing worldwide [6]. Although the definition of an 
SRM has not been definitively established, an SRM is gen- 
erally considered to be a radiologically enhancing renal 
mass with a maximum diameter of less than 4 cm [7] . With 
increasing interest in this clinical field, information about 
SRMs, including their nature and pathology, has 
improved. 

Chawla et al. [8] reported in a meta-analysis that the 
mean growth rate in SRMs with a mean size of 2.6 cm was 
0.28 cm/y [8]. The initial tumor size did not correlate with 
the growth rate, and progression to metastatic disease oc- 
curred in 1% of cases (3 of 286 cases). Remzi et al. [9] re- 
ported in a study analyzing solid renal masses of 4 cm or 
less in diameter at diagnosis that 20% of SRMs are benign 
tumors [9] . Several other studies reported a higher per- 
centage of benign findings [10,11]. Frank et al. [10] re- 
ported that 30% of tumors less than 2 cm, and 21% of those 
2 to 4 cm in size, were nonmalignant. However, there may 
be aggressive disease in some small renal tumors. 
Metastasis at presentation was observed in 5.2% of 8,792 
patients with RCC of less than 4 cm, and the rate of meta- 
stasis increased by 3.5% with an increase of 1 cm in the size 
of the renal mass in an analysis of the Surveillance, 
Epidemiology and End Results database from 1998 to 2003 
[12]. The size of the SRM is known to be positively corre- 
lated with the likelihood of malignancy. In a retrospective 
study analyzing 2,935 renal tumors, 46.3% of renal masses 
less than 1 cm were benign tumors, whereas 6.3% of renal 
masses 7 cm or greater in diameter were benign [10] . In ad- 
dition, as tumor size increased, there was a significant in- 
crease in the incidence of high-grade malignancy and the 
proportion of papillary RCC to clear cell carcinoma. 
Another study reported that a lower histological Fuhrman 
grade is seen with smaller masses [9] . In that study, which 
analyzed 287 renal tumors, 4.2%, 5%, and 25.5% of masses 
2 cm or less, 2.1 to 3 cm, and 3.1 to 4 cm in diameter, re- 
spectively, were diagnosed as grade 3 or 4. In addition, two 
studies reported that SRMs in young women were more 
likely to be nonmalignant [13,14]. 

SRMs are composed of disease moieties that have hetero- 
geneous pathologic and clinical features, and this should 
be considered when making a decision about the proper 
management of an SRM. In radiologically enhancing renal 
masses, surgical resection including partial or radical 
nephrectomy has remained the standard treatment op- 



tion, resulting in excellent long-term oncologic outcomes. 
However, for SRMs or other types of tumors in specific cas- 
es, less invasive treatment modalities are now available, 
ranging from ablative therapy, including cryoablation and 
radiofrequency ablation, to active surveillance (AS). 

Ablative therapy can be applied to patients with high 
surgical risk. Ablative therapy should be considered for pa- 
tients with serious medical comorbidities or a tumor in a 
solitary kidney and in patients with CKD because surgical 
resection can cause substantial loss of renal function [15]. 
Selective arterial embolization combined with ablative 
therapy can be applied for the management of SRMs. 
Several studies have reported the feasibility and safety of 
selective arterial embolization in combination with ther- 
mal ablative therapy [16-19]. AS can be also considered as 
a treatment option for patients who have a limited life ex- 
pectancy because of old age, patients who have high medi- 
cal surgical risk or severe renal dysfunction, or for informed 
younger patients who refuse active treatment [20] . 

CURRENT STATUS OF SMALL RENAL MASS 
BIOPSY 

1. Performance of small renal mass biopsy 

The goals of biopsy are to determine the existence of a ma- 
lignancy in a tumor and to make a pathologic diagnosis that 
includes determining the histology and grade of the renal 
mass to assist in decision making about the appropriate 
treatment [15]. In SRMs, the percentage of benign pathol- 
ogy is expected to be higher than in the overall population 
of renal tumors. SRMs are increasingly being detected in 
older patients who are likely to have comorbidities and poor 
performance status, which make them unfit candidates for 
surgery. In this population, an accurate pathologic diag- 
nosis is important for making decisions about proper man- 
agement; the age of the patient and any comorbidities 
should be taken into consideration. 

Renal mass biopsy has not been accepted as a standard 
diagnostic tool in the clinical setting for several reasons. 
Traditionally, there have been concerns about the safety 
and accuracy of renal tumor biopsies [2]. However, in re- 
cent years, renal mass biopsy has shown safe and effective 
outcomes. 

Achieving accuracy in diagnosing renal masses involves 
differentiating the malignancy from benign tissue, diag- 
nosing the histological subtype, and grading the tumor. Of 
these, the ability to distinguish a malignant tumor from a 
benign mass can be crucial in the diagnosis of renal masses, 
as this affects management decisions. Some recently per- 
formed series have demonstrated high accuracy in the di- 
agnosis of malignancy. In a review performed by Lane et 
al. [21] in which over 2,700 renal mass biopsies were rean- 
alyzed, studies on renal mass biopsies in 2001 and there- 
after showed a diagnostic accuracy for malignancies of be- 
tween 92% and 100%. In that review, Lane et al. [21] ana- 
lyzed 2,474 renal mass biopsies from studies that had been 
performed before 2001. The mean false-negative and 
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false-positive biopsy rates were reported to be 4.4% and 
1.2%, respectively, of the total renal mass biopsies in the 
studies published before 2001. However, in 362 clinically 
diagnosed renal mass biopsies of the series performed in 
2001 and later, the mean false-negative and false-positive 
results were 0.6% and 0%, respectively. Other studies eval- 
uating the performance of biopsy in SRMs have also shown 
an accuracy rate of above 90% in discriminating malig- 
nancy [22-29]. 

Biopsy failure and indeterminate biopsy are the main 
concerns in SRM biopsy. Biopsy failure is defined as the in- 
ability to obtain sufficient tissue for pathological diagnosis, 
whereas in indeterminate biopsy, a definitive diagnosis 
cannot be made with the available tissue [21]. In a con- 
sensus meeting about renal mass biopsy held by Tsivian 
et al. [30] , conception biopsy failures and indeterminate bi- 
opsies were integrated as nondiagnostic samples. Nondia- 
gnostic results in renal mass biopsies seem to be more fre- 
quent for smaller masses and those of a cystic nature. In 
a study performed by Lechevallier et al. [31] that analyzed 
73 CT-guided core biopsies, 37% of the biopsy failures oc- 
curred in tumors that were 3 cm or less in diameter, and 
9% were found in tumors larger than 3 cm (p=0.006). In this 
study, the median size of tumors with biopsy failure was 
3 cm, whereas the median size was 4.8 cm in the case of suc- 
cessful biopsies (p=0.03). 

Leveridge et al. [32] also reported that a 1-cm increase 
in tumor size was a dependent predictor of successful biop- 
sy in a multivariate analysis. Volpe et al. [33] reported that 
larger tumor size was a significant predictor of the diag- 
nostic result in a retrospective study analyzing 100 SRM 
biopsies. In a review performed by Laguna et al. [34] , it was 
suggested that the rate of nondiagnostic biopsies, includ- 
ing biopsy failure and indeterminate biopsies, seemed to 
be higher in studies that included only SRMs than in the 
general series reviewed by Lane et al. [21]. However, sev- 
eral reports have shown no difference in diagnostic yield 
or accuracy regarding tumor size [25,35] , although one of 
these studies was performed with laparoscopy as the base 
mode of investigation [35] . 

SRMs are composed of various tumors that have hetero- 
geneous radiologic characteristics. With cystic lesions, it 
is especially difficult to target the areas to be biopsied. 
Regarding complex cystic SRMs, the solid components are 
likely to be smaller in size than the cystic portions, and thus 
it becomes more difficult to obtain a precise sample [30] . 
In a retrospective study analyzing 345 SRM biopsies, a sol- 
id appearance on imaging was an independent predictor of 
successful biopsy on multivariate analysis [32] . However, 
there is evidence that repeated biopsy after an initial non- 
diagnostic biopsy results in a similar diagnostic rate as the 
initial one. For example, Leveridge et al. [32] reported a di- 
agnostic rate of 83.3% in repeated biopsies compared with 
80.6% in initial biopsies. In a retrospective study analyzing 
268 biopsies of SRMs, repeated biopsy yielded a histo- 
logical diagnosis rate of 94% [36] . 

RCCs may vary in prognosis according to the histological 



subtype. Histological subtyping of RCCs was shown in a re- 
cent literature review to have a diagnostic accuracy rate of 
86% to 98% [21] . Also, in a recent study, it was shown that 
subtype determination in SRMs was possible in 93% of ma- 
lignant renal masses by use of immunohistochemistry to 
make a correct identification of the type of RCC present 
[33] . Another study showed a high concordance rate (more 
than 91%) between the histological subtype of the biopsy 
and that of the final nephrectomy specimen for SRMs [22] . 

Determination of grading on SRM biopsies is challeng- 
ing and its accuracy is considered to be not optimal (70%- 
83%) [22,32,33]. Furthermore, biopsy specimens are prone 
to underestimate the true nuclear grade of a specimen [37] . 
However, when classification of grade is simplified as low 
(Fuhrman I II) or high (Fuhrman III-IV) grade, the diag- 
nostic accuracy of grading is improved [38] . 

2. Technical issues with small renal mass biopsy 

Fine needle aspiration (FNA) and core biopsy are currently 
the main methods of obtaining tissue from a renal mass 
during a biopsy. FNA has the advantage of allowing ex- 
tensive sampling of a renal mass because of the multiple 
approaches to the tumor in the procedure. Contemporarily, 
FNA has been shown to have inferior diagnostic ability 
compared with core biopsy [29] . In a recent consensus meet- 
ing, Tsivian et al. [30] suggested that FNA alone should not 
be performed. However, FNA can be used as a comple- 
mentary tool for core biopsy to increase diagnostic accuracy 
[39]. Also, the diagnostic accuracy of FNA has improved to 
an accuracy rate of 98% by use of improved agar micro- 
biopsy techniques [40] . 

Choosing the type of radiological imaging modality to be 
used with renal mass biopsy is another technical issue. 
Currently, US and CT or MRI are commonly used for renal 
mass biopsy. There is no suggestion about the superiority 
of one specific imaging modality over another in the liter- 
ature [32] . The choice is considered to be highly dependent 
on the operator [5]. In clinical practice, the operator must 
choose the most appropriate method according to the clin- 
ical situation. 

3. Complications of renal mass biopsy 

Although initial reports suggested substantial morbidity 
associated with renal mass biopsies, modern series report 
infrequent minor complications (4.7%), exceedingly rare 
severe complications (0.3%), and no cases of mortality [21]. 
In a review analyzing complications of needle core biopsies, 
a rate of 0% to 2% of significant complications requiring ac- 
tive treatment or hospital admission was reported in a re- 
cent series [41] . There are several major complications as- 
sociated with renal mass biopsies. Bleeding is the most 
common complication encountered after a renal mass 
biopsy. Of 200 renal mass biopsies, a number of mild hema- 
tomas were identified on CT scans that had been performed 
immediately after the biopsy [42] . However, clinically sig- 
nificant renal hemorrhages resulting in hospitalization or 
blood transfusion were extremely rare (0%-1.3%). Track 
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seeding of the tumor is another complication that is highly 
feared by clinicians, although contemporary series have 
not reported this phenomenon yet [41] . Through 2001, only 
six cases of track seeding had been reported [29] . However, 
Tsivian et al. [30] suggested that the risk of track seeding 
may have been underestimated as a result of underrepor- 
ting and the lack of long-term follow-up. Pneumothorax is 
another possible complication of renal mass biopsy, al- 
though clinically significant pneumothorax is uncommon, 
and the risk can be avoided by using a subcostal approach 
[43]. Overall, renal mass biopsy is considered to be safe, and 
the risk of over- and undertreatment, which can result from 
the absence of a pretreatment diagnosis, may overcome the 
risk of complications. 

4. Current indications for renal mass biopsy in small renal 
masses 

Traditionally, renal mass biopsy is recommended in the fol- 
lowing situations: a renal mass with an extrarenal primary 
malignancy, an unresectable renal mass, a suspicious re- 
nal mass secondary to infection, and significant comorbid- 
ities occurring in a patient with a renal mass. 

As the nature of SRMs has been extensively investigated 
and the spectrum of management for SRMs is expanding, 
the role of renal mass biopsy is currently also expanding. 
Thermal ablation therapy including radiofrequency abla- 
tion and cryoablation should be considered in the manage- 
ment of SRMs in patients who are unfit for surgery owing 
to comorbidities and poor performance. Before ablation of 
the renal mass, it is essential to histologically confirm the 
renal mass to identify optimal candidates for thermal abla- 
tion [15,44]. However, in special cases, postablative tissue 
can be obtained even when a biopsy of the treated mass has 
not been performed. Postablative biopsy has the advantage 
of minimal bleeding, although ablation is likely to alter the 
tissue architecture, increasing the difficulty of making a 
histological diagnosis. Margulis et al. [45] have suggested 
that acute radiofrequency ablation causes predictable his- 
tological changes without altering the architecture of the 
tissue. 

Regarding cryoablation, there are conflicting reports 
about postprocedure biopsy. Truesdale et al. [46] have sug- 
gested that preablative sampling shows superior diag- 
nostic accuracy, although Chen et al. [47] suggested that 
one cycle of cryoablation does not significantly alter the bi- 
opsy accuracy. Of note, confirming the tissue diagnosis for 
every case treated with ablative therapy is currently 
strongly recommended [30]. In addition, renal mass biopsy 
should be considered after ablation therapy when there is 
a suspicion of recurrence [44] . 

AS is defined as the monitoring of tumor size by routine 
imaging follow-up with delayed intervention for cases in 
which the SRMs show progression [48]. AS is currently con- 
sidered a proper management option for elderly patients 
or patients with significant comorbidities who are at high 
risk during surgery [15,44] . The decision for AS should be 
made by taking into consideration the patient's character- 



istics and the nature of the renal mass. AS may be an appro- 
priate strategy for patients who have benign renal masses 
and RCCs with low malignant potential. Renal mass biopsy 
can be used for obtaining information about patients with 
an SRM who are not fit for surgery because of their age and 
comorbidities. In the first prospective study on AS in 209 
SRMs in elderly or infirm patients, renal tumor biopsy was 
proposed on enrolment, and in 48.3% of cases, renal mass 
biopsy was performed [49]. Among these cases, proven 
RCCs did not show a statistically significantly faster 
growth rate compared with histologically confirmed be- 
nign renal masses. Renal mass biopsies can be used as a 
helpful guide for surveillance strategies. RCCs proven to 
be high grade by renal mass biopsies may not be suitable 
for AS, whereas relatively indolent tumors can be checked 
with less strict imaging follow-up [20] . In a report from an 
international consensus panel, renal mass biopsy was rec- 
ommended for AS but not for watchful waiting [30] . In re- 
cent years, renal mass biopsy has been recommended for 
all types of clinical situations except when patients have 
imaging or clinical characteristics indicative of pathology 
and in cases in which conservative management is not con- 
templated [30]. 

CONCLUSIONS 

The value of renal biopsy in SRMs is considered to be good 
for a diagnostic method in a clinical setting. In most cases, 
renal mass biopsy can be used for diagnosis of SRMs to 
gather information for suggesting proper management op- 
tions to patients. 
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